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S

udden death in young athletes comprises a real risk. Although it is very
rare, it is a highly visible event, which
consistently raises concern and ethical issues
in both the lay public and the medical community.1,2 Competitive sports activity enhances by 2.5-fold the risk of sudden death
in adolescents and young adults. However it
is necessary to make clear that sport activity
is not per se a cause of increased mortality; it
rather acts as a trigger of cardiac arrest in
the presence of underlying cardiovascular
diseases predisposing to life-threatening
ventricular arrhythmias, potentially leading
to sudden cardiac death (SCD). Sudden
death in athletes is of cardiovascular origin
in 90% of cases. Pre-participation screening
aims to find these subjects and to exclude
them from participation in order to reduce
the risk of sudden death.3
On the other hand, exercise benefits
are significant and well documented.4 For
example, it is believed today that coronary
artery disease is almost entirely preventable
and the contribution of exercise to such prevention and to life expectancy is significant.
It is beyond the scope of this article to present the well documented exercise benefits.
Nevertheless, it is useful to recall the most
important of the so-called social benefits of
exercise: improvement of perceived health;
reduction of acute and chronic disease; enhanced quality of life; control of alcohol, to-
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bacco and drug dependency; less passive
smoking and fires; improved personal appearance; enhanced property values; enhanced employment; reduced employee
turnover and absenteeism; reduced industrial injuries; reduced health insurance premiums; enhanced company image; reduced
hospital and health care costs; fewer problems from social deviancy (vandalism, law
enforcement, detention); and reduced geriatric dependency.4
Patients with known cardiovascular disease, even if they may really be at higher
risk for SCD, cannot be completely excluded from any kind of sports participation, as
long as a thorough evaluation is performed.
The patients’ right to exercise must be primarily kept in mind, but on the other hand
any health risk (and SCD risk especially)
should be ruled out. Obviously, a thorough
pre-participation evaluation is needed.5,6
Classification of sports
According to the 36th Bethesda conference,7 and to the recommendations of the International Olympic Committee,8 an athlete
is one who participates in an organised team
or sport that requires regular competition
against others as a central component, places a high premium on excellence and achievement, and requires some form of systematic and intense training—usually more than

Sports and Cardiovascular Abnormalities

10 hours per week. On the other hand, leisure activity is
the physical activity that a person or a group chooses to
undertake during their discretionary time.
An analytical classification of all kind of sports has
been provided by the Committee on Sports Medicine
and Fitness and is nowadays well accepted.9,10 A pro-

posed modified classification according to intensity is
seen in Table 1, and in Table 2 according to contact
risk.5 The relative risk of exercise depends on the intensity of dynamic or static exercise needed for any
sport activity.12-15 A global classification of different
sports according to the level of dynamic or static in-

Table 1. Classification of sports by intensity.
High-to-moderate intensity

Low intensity

High-to-moderate
dynamic and static
demands

High-to-moderate
dynamic and low-static
demands

Low-dynamic and highto-moderate static
demands

Low-dynamic and lowstatic demands

Boxing
Crew/rowing
Cross-country skiing
Cycling
Downhill skiing
Fencing
Football
Ice hockey
Rugby
Running (sprint)
Speed skating
Water polo
Wrestling

Badminton
Baseball
Basketball
Field hockey
Lacrosse
Race walking
Racquetball
Soccer
Squash
Swimming
Table tennis
Tennis
Volleyball

Archery
Auto racing
Diving
Equestrian
Field events (jumping)
Field events (throwing)
Gymnastics
Karate or judo
Motorcycling
Rodeo
Sailing
Ski jumping
Water-skiing
Weightlifting

Billiards
Bowling
Cricket
Curling
Golf
Riflery

Table 2. Classification of sports by contact.
Contact collision

Limited contact

Non-contact

Basketball
Boxing
Diving
Field hockey
Football
Flag
Tackle
Ice hockey
Lacrosse
Martial arts
Rodeo
Rugby
Ski jumping
Soccer
Team handball
Water polo
Wrestling

Baseball
Bicycling
Cheerleading
Canoeing/kayaking (white water)
Fencing
High jump
Pole vault
Floor hockey
Gymnastics
Handball
Horseback riding
Racquetball
Skating
In-line
Skiing
Cross-country
Downhill
Water
Softball
Squash
Ultimate Frisbee
Volleyball
Windsurfing/surfing
Weightlifting

Archery
Badminton
Bodybuilding
Bowling
Canoeing/kayaking (flat water)
Crew/rowing
Curling
Dancing
Discus
Javelin
Shot put
Golf
Orienteering
Power lifting
Race walking
Riflery
Rope jumping
Running
Sailing
Scuba diving
Strength training
Swimming
Table tennis
Tennis
Track

(Hellenic Journal of Cardiology) HJC ñ 177

H. Antonakoudis et al

tensity needed, suggested by the 36th Bethesda conference,7 is shown in Figure 1. Most SCDs occur in
football players (35%), followed by basketball players
(25%) and track and field athletes (15%).5,7,10,11
Sports eligibility according to underlying disease
The most common cardiovascular disease leading to
SCD is hypertrophic cardiomyopathy (HCM) followed
by congenital coronary artery anomalies, dilated cardiomyopathy, Marfan syndrome, right ventricular arrhythmogenic cardiomyopathy (RVAC), atherosclerotic coronary disease and rhythm/conduction diseases,15
while some other not so uncommon and potentially
dangerous cardiovascular diseases exist.16-18 Furthermore, we should briefly mention the commotio cordis,19
as the recognised cardiovascular risks on the athletic
field are now extended to include cardiac arrest resulting from relatively modest, non-penetrating chest blows
produced by projectiles (such as baseballs) or bodily
contact, in the absence of underlying cardiac disease
and without structural injury to the chest wall or heart.
These uncommon, but usually fatal events seem to result when chest impact occurs precisely during the vul-

nerable phase of repolarisation and they may be reduced by use of softer projectiles.
Guidelines are in place governing eligibility and
disqualification criteria for competitive athletes with
cardiovascular diseases.20-28 However, similar systematic recommendations for the much larger population of
patients who are not trained athletes, but nevertheless
wish to participate in any of a variety of recreational
physical activities and sports, have not been available to
date. The practicing clinician is frequently confronted
with the dilemma of designing non-competitive exercise
programmes for athletes with a disease after disqualification from competition, as well as for those patients
with such conditions who do not aspire to organised
sports. Physical fitness is becoming increasingly emphasised in our society. Patients with some heart disease
are living longer, healthier lives and may also desire
sports participation. Indeed, many asymptomatic or
mildly symptomatic patients desire a physically active
lifestyle, with participation in recreational and leisuretime activities, to take advantage of the many documented benefits of exercise. This is why recently both
the American Heart Association and the European Society of Cardiology, based largely on the experience

Figure 1. Classification of sports according to static and/or dynamic intensity.
MVC – maximal voluntary contraction.
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and insights of the experts, gave some recommendations governing recreational exercise in cardiovascular
diseases such as cardiomyopathies and channelopathies
at risk of sudden death during sports and the potential
of preventing fatal events.29,30
Genetic cardiovascular diseases
A group of relatively uncommon, but important genetic cardiovascular diseases are associated with increased risk for sudden death during exercise. They
include HCM,29,30 RVAC,31-36 long-QT syndrome,37
and Marfan syndrome.38-44 These conditions, characterised by diverse phenotypic expression and genetic
substrates, account for a substantial proportion of unexpected and usually arrhythmia-based fatal events
during adolescence and young adulthood.
Although HCM has been repeatedly reported as
a leading cause of athletic field deaths, these patients
should not be excluded from participation in recreational activities.5,16,20,29,30 However, specific prophylaxis is necessary and they must avoid some specific types
of exercise, as shown in Table 3, while these precautions
are mandatory in individuals with the high risk characteristics shown in Table 4.7,29
The same recommendations exist regarding the
RVAC31-35 and long-QT syndromes.37 Special considerations apply to the not so uncommon Marfan syndrome.38-44 In 1986, the sudden death of former Olym-

Table 3. Pre-participation preventive measures in patients with hypertrophic cardiomyopathy.
ñ
ñ
ñ
ñ
ñ
ñ
ñ

Avoid “burst” exertion or sprinting
Beware of environmental factors (temperature, humidity)
Systemic exercise programmes are forbidden
Avoid adrenergic-type activities
Avoid intense static training (e.g. weightlifting.)
Beware of risk of trauma
Avoid extreme sports (bungee jumping, hang gliding …)

Table 4. Patients with hypertrophic cardiomyopathy (HCM) who
are at high risk.
ñ
ñ
ñ
ñ

Patients with prior cardiac arrest
Family history of sudden cardiac death due to HCM
Unexplained syncope, especially after exercise
Short episodes of ventricular tachycardia in ambulatory rhythm
recordings
ñ Blood pressure drop during exercise stress test
ñ Extreme hypertrophy in echocardiogram (>30 mm)

pic volleyball player Flo Hyman from a ruptured aortic
aneurysm highlighted the need for better detection of
this syndrome in athletes. Its prevalence in the general
population is estimated at 2 to 3 per 10,000, and it is a
relatively common connective-tissue disorder that carries a significant risk of sudden death. Improved diagnostic awareness can substantially improve survival
rates and reduce the risk.
After diagnosis is confirmed, active patients with
Marfan syndrome should:42
ñ Participate only in sports with minimal physical
demands, such as golf;
ñ Avoid sports with high static demands, such as
weight lifting;
ñ Avoid sports that carry a risk of body collision,
such as boxing, football or high diving;
ñ Wear protective cushioned spectacles when playing racket sports;
ñ Seek medical attention immediately in case of chest
pain or fainting.
Myocarditis – dilated cardiomyopathy
In these patients exercise avoidance is warranted. There
is a great risk, and in some countries it is considered as
the most common cause of SCD. Possible underlying
myocarditis during the febrile phase of a viral illness is a
reason to forbid any exercise in all patients with an
acute illness. Acute myocarditis is a potentially devastating condition that is most commonly caused by viruses. Coxsackie B virus has been implicated in 50 percent
of cases. Early symptoms, if present, may include exercise intolerance and congestive heart failure symptoms,
with dyspnoea, cough and orthopnoea. Subtle clinical
signs include tachycardia in the absence of fever, pulsus
alternans, and other clinical signs of heart failure. (e.g.
S3 gallop, soft apical murmur, distended neck veins, peripheral oedema). Most patients with myocarditis present with sudden death secondary to a ventricular arrhythmia and have few, if any, prodromal signs or symptoms.20,22,30,45
Congenital and acquired coronary artery disease
Congenital coronary anomalies are multiple,46-51 the
most common being a misplaced aortic ostium, in
which the left main and right coronary artery arise from
the right sinus of Valsalva.46 Myocardial bridges and inflammatory coronary artery aneurysms associated with
Kawasaki’s disease have also been reported as a cause
of sudden death.48-50 These conditions are difficult to
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identify unless complaints of early fatigue, angina or exercise-induced syncope lead to a directed evaluation. In
one review of 78 cases of sudden death thought to be
secondary to autopsy-proven coronary anomalies, 62
percent occurred in asymptomatic persons.46-51 Definite
diagnosis is difficult. This abnormality must be suspected in cases of pain, arrhythmia or syncope during exercise and in these cases complete investigation is necessary before sports participation is permitted.
Tragically, acquired premature coronary artery disease can appear in athletes under the age of 30. Genetic
predisposition plus other risk-factor prevalence can
sometimes lead to coronary events resulting from typical atherosclerosis.52 The prevalence was 2.6% in the
Minneapolis Heart Foundation Institute survey,2 while,
paradoxically, in an Italian study a prevalence of 18.5%
was detected.23 Attention to risk factors and to the early
symptoms of ischaemia, angina and other effort-related
symptoms should be just as aggressively pursued in
younger athletes as in older athletes.
Valvular heart disease
In athletes with mitral valve stenosis the extent of physical activity allowed is dependent on the size of the left
atrium and concomitant valve regurgitation. They can
participate in all types of sport associated with low and
moderate isometric stress and moderate dynamic stress.
Patients under anticoagulation should not participate in
any type of contact sport.53,54
Asymptomatic athletes with mild aortic valve stenosis can participate in all types of athletic activities, as
long as left ventricular function and size are preserved
and there are no arrhythmias. Asymptomatic athletes
with moderate aortic valve stenosis should only participate in sports with low dynamic and static stress, whereas exercise is not allowed in severe aortic stenosis and in
aortic coarctation before definite surgical treatment.
After operation exercise is allowed only if a gradient of
less than <20 mmHg has been achieved.
Aortic valve regurgitation is often the result of connective tissue disease or a bicuspid valve. Athletes with
mild aortic valve regurgitation, and with normal left
ventricular end diastolic diameter and systolic function,
can participate in all types of sport.53,54
Exercise increases the pressure gradient in patients
with prosthetic aortic or mitral valves. The 26th Bethesda22 conference recommended activity levels for athletes with prosthetic and bioprosthetic valves based on
their anticoagulation status and left ventricular function. Patients who have a bioprosthetic mitral valve,
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who are not taking anticoagulants, and who have normal or near-normal left ventricular function, can participate in low-to-moderate static and low-to-moderate
dynamic activities. Patients are also advised to avoid
moderate static activities that carry a risk of bodily collision, such as auto racing, high diving, motorcycling or
equestrian events. Patients who have an artificial aortic
valve, are not taking anticoagulants and have normal
function of both the valve and left ventricle, can participate in low-static and low-dynamic activities. Higher
levels of activities may be permitted based on the athlete’s abilities and haemodynamics. All patients taking
anticoagulants should avoid sports that have a risk of
collision.
Special consideration applies for the not so uncommon mitral valve prolapse.55,56 Recently, a 3.7% prevalence of mitral valve prolapse was detected in competitive athletes in China.56 In these patients even competitive sports are allowed. Exercise is forbidden only in patients with a personal or family history of syncopal attacks, documented severe arrhythmias, severe haemodynamic mitral valve regurgitation, or in patients with a
history of embolic episodes. In some cases a continuous
ECG recording should also be performed to detect significant arrhythmias.54,57 However, a pre-participation
consent form is suggested to avoid legal implications.
Athletes with mild or moderate mitral valve prolapse
do not present any significant differences in non-invasive cardiac electrophysiological indices, or in cardiopulmonary performance, compared to healthy ones.
It seems that long-term exercise-induced adaptations
can overcome any cardiac autonomic disorders in cases
of mild-to-moderate mitral valve prolapse.56
Operated congenital heart disease
In operated aortic or pulmonary stenoses and operated septal defects exercise should be allowed. Patients
suffering from Fallot tetralogy should be evaluated
extensively (echo, stress test). In subjects with transposition of the great arteries exercise must be avoided
because of the risk of arrhythmias.26,27,29
Brugada syndrome
This entity points to a role of the ECG in pre-participation screening. It also demonstrates that, in athletes
with Brugada syndrome, repolarisation anomalies may
be markedly attenuated during vigorous exercise and
considerably increased immediately after exercise. The
observed J-wave amplitude dynamics suggest enhance-
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ment of pre-existing autonomic dysfunction through
heavy exertion. Competitive athletics should be avoided
and in cases of syncope an ICD should be implanted.2,18
Atrial fibrillation
Atrial arrhythmias are the most commonly encountered ones in professional athletes, particularly in basketball and football players. Ventricular arrhythmias,
when not associated with cardiovascular abnormalities,
do not convey adverse clinical significance. They appear
to be an expression of athlete’s heart syndrome and
probably do not per se justify a disqualification from
sports. The prevalence of atrial fibrillation in the general population is 0.04%, while in athletes it is 0.063%.
The higher prevalence in athletes is due to exercise-induced atrial remodelling caused by volume or pressure
overload and by angiotensin-1 receptor up-regulation.
When there is satisfactory rate control sports participation is permitted. The treatment of choice is electrical
cardioversion to sinus rhythm, as drugs may influence
exercise performance. In the case of rare paroxysms of
atrial fibrillation catheter ablation is probably not ideal.
The physician has to be certain that there is no prolongation of the QT interval due to loss of electrolytes. As
regards the selection of a good medication, amiodarone
or propafenone are recommended.60-63
Wolff-Parkinson-White (WPW) syndrome
The risk of sudden death is 0.15-0.20% in asymptomatic
and 2.2% in symptomatic patients with a WPW syndrome. In these individuals, intense physical activity or
the practice of sports may not only trigger cardiac arrhythmias but also worsen their consequences and render them life-threatening. Moreover, severe episodes of
pre-excited atrial fibrillation of WPW may even occur.
Unfortunately, for one half of WPW patients who experience sudden cardiac arrest potentially leading to
SCD, this is their first manifestation of the disease and
usually occurs during exercise or emotional stress.
A complete electrophysiological study, including
measurement of the anterograde refractory period of
the accessory pathway, induction of atrial fibrillation
and study of the effects of isoprenaline, seems to be indispensable to identify patients at greatest risk. When
the risk of a potentially serious arrhythmia appears to
be confirmed, catheter ablation of the accessory pathway may be the ideal solution. In general, radiofrequency ablation is necessary in symptomatic patients.
In asymptomatic patients an electrophysiological study

and probably ablation is suggested in high risk patients
and in those requiring antiarrhythmic drug treatment,
which may affect their performance. In low risk patients, exercise is permitted, especially if the pre-excitation disappears during a stress test.64,65
WPW syndrome represents the most important
indication for radiofrequency ablation in athletes.
Radiofrequency ablation is also recommended in other tachyarrhythmias, when they are disabling, related
to exercise and therefore compromise an athlete’s performance and sports career.66 It is useful to explain to
the athletes the possible recurrences with psychological
traumatic consequences, the effective period to complete recovery, and the natural history of the tachyarrhythmias, which frequently disappear after interruption of the sports career.67-69
Patients with implantable cardioverter defibrillators
(ICDs).
ICDs prevent recurrent arrhythmic death in sudden
death survivors, or may prevent its development in
physically active patients with an underlying risk for
malignant ventricular arrhythmias.70 Although ICDs
do not substitute for the usual recommendations to refrain from intensive or competitive exercise because of
any underlying arrhythmic disorder, they often provide
a means for safe continuation of mild to moderate
recreational sports activity. Long-term quality of life
will be highly dependent on the prevention of inappropriate ICD shocks. This requires the choice of a
durable lead device system, and careful programming
tailored to the characteristics of the patient’s physiological and pathological heart rhythms.71-73 Fewer
problems exist in patients with pacemakers.74
Syncope
Hippocrates (460-377 BC) stated: “It is common for
subjects with frequent faints to die suddenly.” Hippocrates’ statement is well validated today given the
fact that the incidence of SCD in individuals with exertional syncope can be as high as 17%. That is the
reason for stopping exercise in these individuals for as
much time as is needed to complete an extensive cardiological evaluation, and probably management. In
young athletes, syncope in the past, before the initial
pre-participation screening, has a neurally-mediated
origin in most cases and shows a low recurrence rate.
Exercise-related syncope is infrequent and is not associated with an adverse outcome in subjects without
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cardiovascular abnormalities. The incidence of new
syncope during competitive athletic activity is particularly low. On the other hand, post-exercise “syncope”
is the mostly benign common faint due to causes reported as reflex syndrome in children (orthostatic hypotension, hyperthermia, “church” syndrome, hyperventilation, pain, etc.).75,76
Hypertension and sports
Children and adolescents who have systemic hypertension may be at risk for complications because exercise
raises their blood pressure even higher. Athletes and
other physically active patients should be screened for
hypertension and given appropriate treatment.77
The American Academy of Paediatrics recommends:78
ñ The presence of significant hypertension in the absence of target organ damage or concomitant heart
disease should not limit a person’s eligibility even
for competitive athletics. Athletes with significant
hypertension should have their blood pressure
measured regularly (every 2 months at the physicians office) to monitor the impact of exercise on
blood pressure.
ñ Youths who have severe hypertension need to refrain from competitive sports and highly static (isometric) activities until their hypertension is under
adequate control and they have no evidence of target organ damage. Complete prohibition of exercise may not be necessary for those patients.
ñ When hypertension and other cardiovascular diseases coexist, eligibility for participation in competitive athletics is usually based on the type and
severity of other cardiovascular disease.
ñ The young athlete with hypertension, regardless
of the degree of severity, should be strongly encouraged to adopt healthy lifestyle behaviours, including the avoidance of exogenous androgens,
growth hormone, illicit drug abuse (especially cocaine), alcohol, use of tobacco and high sodium
intake. The athlete should be advised that the use
of diuretics and ‚-blockers has been prohibited by
some athletic governing bodies. Diuretics must be
avoided in high intensity athletes because of the
risk of hypovolaemia or hypokalaemia. Drugs
blocking the renin-angiotensin system along with
calcium channel blockers are the drugs of choice.
Blood pressure measurements must be made at
least once a year in all athletes, and in hypertensives it
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is suggested that they not take medication on a game
day. Furthermore, we have to know that non-hypertensive athletes usually have a wall thickness of 12 or 13
mm, which seems to be more or less within the range
of normal for these individuals.78,79
Athletic heart
The issue of the physician’s responsibility is of high importance in the screening and management of both athletes and leisure-time sportsmen, since in the case of
sudden death the liabilities of the physician and the
medical community must be considered. Athlete’s heart
is an important clinical challenge, as it is difficult to differentiate from HCM or other cardiomyopathies. Many
criteria to distinguish HCM from athlete’s heart have
been suggested. The unusual pattern of left ventricular
hypertrophy, a left ventricular cavity <45 mm, marked
left atrial enlargement, bizarre ECG patterns, abnormal left ventricular filling, female gender, family history
of HCM, favour HCM; whereas a left ventricular cavity
>55 mm, maximum VO2 >45 ml/kg/min or >110%
predicted, and especially the reduction of thickness
with deconditioning for a 3-6 month period, favour athlete’s heart.80-82
In so called athlete’s syndrome the presence of
arrhythmias is not infrequent. Bradyarrhythmias are
more frequent in sportsmen than in the general population. This fact is often the result of a “relative vagal
hypertony” due to a training effect. Tachyarrhythmias
are present in sportsmen in almost the same percentage as in sedentary people.83 Paroxysmal supraventricular reciprocating tachycardias may present various clinical consequences: unimportant symptoms or
severe haemodynamic effects on athletic performance, particularly during intrinsically high risk sports activity. The athletes must be evaluated by a clinical protocol which includes ambulatory rhythm monitoring,
ergometric test, echocardiography study, thyroid
function tests and electrophysiological study. Sometimes, arrhythmias may disappear after interruption
of athletic activity because of modifications of electrophysiological conditions.83-86
Regarding the appropriate follow up, the American
College of Sports suggests an annual history and a reevaluation every 2 years, while the National Basketball
Association suggests an echocardiogram every 2 years.15
However, there is no clear-cut and world-wide acceptable method for screening and follow-up in sports. It is
strongly indicated that the follow up of these individuals
should be performed by a sports cardiologist.
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The need for an emergency action plan
Preparedness for proper management of sudden cardiac arrest in the athletic venue is anyway critical, but it
is more important when it involves individuals with
known cardiovascular abnormalities. Implementation
of an emergency action plan is needed. This should be
specific to each athletic venue and should encompass
emergency communication, emergency equipment,
medical emergency transportation and venue directions
with map. Access to early defibrillation is essential. A
target goal of under 5 minutes from time of collapse
to first shock is strongly recommended. An automated external defibrillator should be part of standard
emergency planning for coverage of athletic activities.
Through development and implementation of such a
plan, healthcare providers help to ensure that the athlete will have the best care provided when an emergency situation due to a cardiovascular disease or commotio cordis does arise.87-89 It is worth mentioning again
that obtaining informed signed consent before initiating
an exercise training program helps to clarify the responsibilities and goals of both the physician and the subject.90-92
Conclusions
Practicing cardiologists are frequently asked to advise
on exercise programmes and sport participation in
young individuals with cardiovascular diseases. Indeed, many asymptomatic or mildly symptomatic patients aspire to a physically active lifestyle in order to
take advantage of the many documented benefits of
exercise. The present review article is intended to offer practising cardiologists and sport physicians a comprehensive overview of the recommendations governing safe participation in different types of competitive
sport, as well as the participation in a variety of recreational physical activities and amateur sports in individuals with known cardiovascular diseases. Obviously,
careful evaluation is needed in these patients along with
an effective emergency action plan. It is suggested that
written consent be obtained before pre-participation is
permitted.
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